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Abstract 
Grade 3 Canadian students were asked to solve a sedimentation problem in a local watershed. In collaboration with scientists, 
students explored all aspects of the problem and proposed solutions. Representation strategies were then used to help students to 
better pose the problem. Researchers observed students’ capacity to pose the problem and the solutions they found. While 
environmental problems are complex, young students were able to make progress toward more coherent representations. 
However their solutions remained normative and not creative. Dilemmas involving students’ feelings that have appeared in this 
problem solving experience are identified along with their consequences for environmental learning educators. 
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1. Introduction 
Since 2000, a group of researchers from the Université de Moncton, Canada called Littoral et vie (Coast and life) 
is conducting studies in local francophone communities helping to bring environmental education and empowering 
citizens including young children to pose and solve  different real problems efficiently.  One of the issues we 
identified was related to our observations that while trying to solve environmental problems; people tend to move 
too fast towards a concrete environmental action without paying sufficient attention to the stage of problem posing. 
Lack of research on this issue prompted us to examine if adding this element to the problem solving process would 
enable them to find more effective and creative solutions.  
Authentic learning scenarios about the sedimentation problem were developed and conducted by a team of 
researchers from Littoral et vie group in collaboration with a teacher during one school year (2005-2006).  Grade 
three children worked on the project in small groups of 4-5 once a week for one hour sessions. After each activity, 
children were asked to write their observations in reflective journals. At a certain point of the study, children were 
asked to propose solutions to the whole group and have discussions with their peers.  Different pedagogical 
strategies were then used helping children deepen their exploration and producing more creative solutions. 
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Among different means of collecting data, students were asked to represent a problem using drawing, chart or 
text. This paper will discuss findings from our exploratory study through an analysis of these drawings and their 
explanations.  This narrowing of focus was prompted by the summarizing value of these drawings and because they 
were offering inklings into the subjectivity of the problem solving process that could prove useful for our future 
studies and for environmental learning per se. 
2. Purposes of the study 
Problem solving consists in looking for a way to reduce the gap between a non-satisfactory situation and a 
desired situation (Proulx, 1999). The cyclic process of problem solving usually consists in eight principal operations: 
finding a problem, posing a problem, finding solutions, assessing and choosing solutions, planning the action, 
acting, evaluating the action and the experienced process (Higgins, 1994). Not all problems are easy to solve. 
Environmental problems are complex (including people, locations, politics, impacts, causes in constant interaction), 
dynamic (they develop in space and time) and multidisciplinary (Gauthier, Guilbert and Pelletier, 1997).  Baraldi 
(2003) reports that while being involved in educational projects, children of different ages proposed some effective 
solutions to local environmental problems.  
What are the children’s real capacities to solve environmental problems? Despite success stories reported, very 
few researchers described young people’s problem posing or problem solving capacities (Wilsson, 1995). Moreover, 
even if we state that those capacities are limited, we can naturally ask about how these capacities can be enhanced 
and what pedagogical conditions would be better to enhance environmental learning? In a very recently published 
volume on environmental learning (Rickinson, Lundholm, & Hopwood, 2009), authors recognize that ‘we know 
very little about the nature and dynamics of learning in environmental and sustainability education and, most 
importantly, how such learning is experienced by the learner (idem., p. 4). The goal of this paper is to pinpoint areas 
where the particular community of learners that we have targeted find itself puzzled by the complexity of 
environmental learning, that is, sedimentation of the watershed.  
While our previous analyses focused on students’ representations of different aspects of the problem, such as 
causes, impacts, place, actors, solutions (Pruneau, Freiman, Barbier & Langis, 2009), this paper will look at the 
interplay of cognitive, social and affective aspects of the problem. While analysing students’ drawings and 
interviews with students telling about their drawing, we will look not only at what they think about the problem but 
also how do they feel about facing several dilemmas. We called ‘dilemmas’ such situations where learners are bound 
to position themselves within the parameters of the problem at hand and by the problem solving process itself. This 
positioning is difficult because of the necessity to focus on many aspects at a time and to analyze several factors; 
thus possibility to gain or to loose some important insights and sometimes may feel ‘overwhelmed’ with this 
complexity.  It is believed that this positioning is also relational in nature as well as deeply existential, which means 
that it involves the feeling dimension of learning within its cognitive processes.  Dealing with the uneasiness of 
dilemmas could be the emotional side of dealing with conceptual complexity. 
3. Theoretical perspective  
3.1. Problem posing  
Carver (1998) explains sedimentation as a problem that affects many river systems by deposing a solid material 
from a state of suspension or solution in a fluid. High concentration of sediments would not only affect fish, plants, 
and other wildlife, but also human life. By providing humans with drinking water, water for crops, a source of 
power, transportation, fish and wildlife, and recreation, rivers are very useful in many ways. Sedimentation can 
create many obstacles in the use of these resources to their potential. Being a natural phenomenon, sedimentation 
can be exacerbated by mankind through activities such as clear cutting, driving ATVs, mowing the lawn close to the 
waterfront, as well as those involved with construction. The consequences may be disastrous, ranging from fish kills 
to flooding.  
Posing a problem consists in formulating it in order to better solve it (English, 1997). During this operation, the 
person interprets the problem situation in his or her own words, rearranges information related to the problem, 
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reformulates the problem repeatedly in order to clarify it and represents obstacles to the action and goals to achieve 
(Stoyanova, 2000). The task of posing problems is challenging and cognitively demanding for a Grade 3 student (8-
9 year old).  To pose a problem, an individual must be able to use his knowledge, associate his ideas, think, make 
abstractions, monitor, investigate, evaluate, visualize (Hauslein & Smith, 1994), choose words to determine the 
actual and the desired situation (Jones, 1995), and to repeatedly summarize the problem in one sentence (Michalko, 
1991). After extracting linguistic and mathematical elements it is necessary to represent the problem in a way 
appropriate for finding solutions making links between different elements of the problem (causes, places, impacts, 
obstacles…), and also between former knowledge and newly available information (Gregg, 1997).  
We worked out of a problem solving model (Pruneau, Freiman, Langis et al., 2007) thought as a cyclic process 
involving constant back and forth movements between a problem space, a solution space and an action space. The 
individual perceives the presence of a problem, explores the problem, reflects, investigates and formulates the 
problem in its different dimensions: sources, causes, players, places, impacts, time, obstacles to action, desired 
situation, etc. The whole process happens in a meta-cognitive space, as the individual constantly monitors and 
adjusts his or her way to work on the problem. The success of the process empowers the individual to solve more 
problems. Finally, the ideal problem solving process occurs when there is collaborative work between many people 
forming a learning community in which they help each other plan and execute the various operations.  
3.2. Frameworks that guided our analysis of students’ dilemmas in environmental learning  
We borrowed from Rickinson, M., Lundholm, C., & Hopwood, N. (2009) the notion of lenses for understanding 
environmental learning: Lenses 1- for looking at/for emotions and values; 2- for looking at/for issues to do with 
relevance; 3- for looking at/for different viewpoints among students and teachers (p.44).  It is believed that these 
lenses are particularly suited for the curriculum as encountered by the students (p.4), therefore for their experience 
of learning.  We focused specifically at the first lens which is anchored by key questions such as: How is 
environmental learning experienced in emotional terms? How emotions and values involved in or triggered by the 
content of environmental learning? (p. 44). 
Adding to this perspective, we thought that in trying to see how students’ feelings were caught and trapped in 
dilemmas involved in experiencing environmental learning, we would gain insights into the framing of their 
understanding of the sedimentation problem. Dilemmas were seen as an emotional, conceptual and strategic 
response from students to a complex problem and process.  It was also seen as a challenge for environmental 
educators striving to understand how students’ inner life is matched with environmental learning.  We remembered 
Hassard’s affirmation that hands-on experience is not enough and that we also need minds-on experiences (Hassard, 
1992).   
4. Methods used and data collected  
We used an action-research model.  Our primary educational goal was to observe learning by acting upon it and 
not by experimenting and testing our approach to learning (Paillé, 2007). In our study, a class of 20 Grade 3 French 
Canadian students examined during a whole school year (from mid-September to the end of June) impacts of 
sedimentation on the animals in the local Cocagne watershed. Cocagne is a small community in the south-eastern 
part of New Brunswick, Atlantic Canada, where the Cocagne River goes into the bay. The children attended a K-8 
French school. In order to facilitate young children’s knowledge construction in this complex task, we developed a 
set of 20 learning activities that were organized in a pedagogical guide (Pruneau et al., 2006). All activities were 
facilitated by a research team member during several 50 minutes long weekly sessions. 
The learning activities focused on the following topics: 1- Exploring the map of the watershed and discussing 
about its importance for the region; 2- Looking at how people use their local river? Asking children what they do in 
(with) the water; 3- Who are aquatic animals– asking children to draw and think of which of the animals they drew 
could live in the area of the watershed (in salted or unsalted water); 4- Children walk to the river front and make 
observations of the river, the aquatic animals that can be found and think about the use of the river. They also listen 
to a story and have a silent time to reflect; 5- Children are presented with the problem of sedimentation by making 
an experiment simulating sediments going into the water; whole group brainstorming about causes and impacts 
follows; 6- Children study food chain, and discuss what would be impacts of sedimentation on a living species and 
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how it can affect the food chain; 7- Children were able to make observations of the work of local scientists and learn 
how  they study the river. Then stations were created to help children  visualize the sedimentation problem in a real 
environment – one station about the narrow road going to the water, another looking into the quality of the water, 
and one about the aquatic animals and how the state of the water may affect them; 8- Children discover places and 
causes of sedimentation relating questions to children’s experiences from previous activities; 9- Scientists came to 
the classroom to share their results and point of view with children who were asked to pose questions; 10-  Children 
were asked to represent sedimentation with their own materials  and to share it with others; 11- First questionnaire; 
12- Children were asked to represent the problem by means of drawings, charts or text; 13- Write 4 key words 
representing sedimentation and make sentences with these words describing the problem; 14- Children are asked to 
simulate the problem in their own way and to present it to others; 15- Children study and reflect on several success 
stories about environmental actions: focusing on 3 aspects: who, what problem, and how it was solved; 16- Children 
are asked to complete two sentences: it would be bad if sedimentation … and it would be good if sedimentation; 17- 
Repose the problem in an inverse way; 18- Invite children to build a chain of solutions trying to go deeper and 
broader each time. Expose solutions to others; 19- Choosing and applying an environmental action; 20- Post-
questionnaire. 
In order to collect research data, we used in-class observations. One researcher facilitated the activities, while 
another observed and took notes in a researcher’s journal. In both January (before the teaching of representation 
strategies) and June (after the teaching strategies), we evaluated how students posed the problem with a 
questionnaire and individual interviews. The interviews aimed to clarify students’ written answers to the 
questionnaire. We asked children to represent the sedimentation problem using a drawing, a chart, a diagram, words 
or a table, to explain it, to express their feelings, and to propose and justify solutions. This part was followed by 
several open questions, like: How would you explain the problem to a younger student? Say the problem in one or 
two sentences. Propose the solutions. Why do you think your solution will work? Etc.  We also added several 
questions borrowed from Stayanova (2000): What is a problem? What situation do you desire to have when the 
problem is solved? What do you think about the problem? Is the problem interesting? Why?   
 Our analysis focused on the work of 9 students, specifically on their drawings of the sedimentation problem and 
on their explanation of the drawings.  Each of them made a drawing in January and in June. Our analysis followed 
the analytical questioning model (Paillé & Muchielli, 2008).  This model starts and is structured from the questions 
refered to earlier: How is environmental learning experienced in emotional terms? How emotions and values 
involved in or triggered by the content of environmental learning? (Rickinson and al., 2009, p.44) to which we 
added: What kind of dilemmas are portrayed here? Two researchers worked on their responses separately, and then 
worked jointly to strengthen validity. We wanted to identify relevant dilemmas and explicit their meaning within the 
context of the learning experience. 
Here is an example of how we proceeded and how we analyzed drawings and students explanations in our 
interpretation   (Figure 1).  Drawing A was created in January while drawing B was made in June.  They were made 
by different students and were chosen because they pointed fairly clearly to the dilemmas referred to in the next 
section.  We aimed for close inferences between data and analysis. 
In drawing A, the student stands by the river containing sediments while her friend is enjoying himself with his 
dog within it. She also drew a picture of a boat that shakes the water when it moves preventing the fish from seeing 
their food. There is also garbage and cigarettes in the water.  The rain shakes the water as well and so do strong 
winds. She drew ‘the captain of the boat throwing a cigarette in the water’. She put herself by the river because she 
wants to help dogs and other animals that could eat waste and die. We concluded that this student responded within 
the scope of dilemmas 1 and 3 that we discuss below. 
In drawing B, the student drew someone driving an all-terrain vehicle (ATV), and doing clear cutting, both out of 
unpaved roads close to the river: It rains or snows, so there is sedimentation. Her vision has changed because she 
now knows that there are many causes for sedimentation. She placed herself in the center of the picture to be able to 
say to people to stop doing sedimentation and to make sure they listen to her. The river will be in good health again 
when the sedimentation problem is solved and when everyone stops contributing to sedimentation in order for fish 
to enjoy living in the river without having to fight sedimentation for its survival.  We concluded that this student 
responded within the scope of dilemmas 1, 2 and 3 that we discuss below. Both, drawings and children’s’ 
explanations were used in our analysis.  
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(A)                (B) 
Figure 1 –Samples of students’ drawings  
5. Results and Discussion 
The data was used to get a glimpse into the particular personal and affective dilemmas they faced.  These 
dilemmas provide some insight into the subjective dimension of Environmental Learning and they can also help 
Environmental Learning Educators (ELE) devise more relevant teaching strategies across the ages. 
 
1- Shall I identify with the problem or with the solution? 
As they drew pictures of the river with sediments, students were confronted with the task of putting themselves 
into the frame. To be in the river might make them feel that they contribute to sedimentation which they see as soil, 
even pollution, mixed with the water, therefore making it dark, impure and unhealthy.  To be close to the river and 
observing the sedimentation provided some resolution and comfort. It also made them part of the situation without 
contributing directly to it.  It allowed them to see the situation and shift to the solution as they saw themselves 
standing and warning others not to go in the water with their ATVs for example.  One bold student thought she 
could even place herself right into the water to prevent such happenings, although she would stir the soil and darken 
the water in doing so. 
For the ELE, one could ask if some consideration should be given about feelings of guilt, of unbearable 
responsibility that may accompany young students’ learning of environmental topics. These feelings may affect the 
speed with which they go to the solution space as a way to flee from a state of mind difficult to live with.  After all, 
the sedimentation of the river has been caused by actions of previous generations and for which they are innocent 
victims. To feel responsible for our forefathers’ actions is a very puzzling feeling to say the least! 
 
2- How shall I care for the living? 
Whether it is to stop swimming to keep the water clean and transparent and, therefore, to allow fish to see and 
feed, whether it is to prevent clear cutting along the river so soil mixed with rain and snow doesn’t run into the river, 
whether it is to oppose ATVs from going into the river, students’ are faced with a rather huge task to perform.  
Being part of the solution may be a nice feeling but it doesn’t make it easy on them, especially if they are exposed to 
the task of carrying the solutions in some fashion.  Therefore, the dilemma lies in their unpreparedness for realistic 
solutions which polarized them in a state of mind where they identify with solutions but do not have the means to 
actualize them. This situation could lead to discouragement and powerlessness. 
For the ELE, this a very sensitive issue because empowerment is a major goal of environmental education.  The 
translation of vision into actions that work should perhaps be conceived in a developmental framework relevant for 
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different ages, skills and even cultures.  This could complement the cognitive and sequential representation of 
environmental problem solving and bring closer together levels of vision with levels of relevant actions. Therefore, 
increasingly complex tasks would be met with an equivalent complex inner confidence created by successful 
actions, some more symbolic, some more pragmatic. 
 
3- Can I still be a child? 
Can I go swim in the river although it may cause sedimentation?  Can I eat the fish from the ‘sedimented’ and 
brownish river?  Concerns about how to be innocently a child and being happy to be so, have come up through the 
drawings.  Is it OK to enjoy freely what nature offers without considering the price it may have to pay for our 
enjoyment?  But are these concerns grounded in what sedimentation really is or are students’ victims of a rather 
narrow even wrongful idea of what is sedimentation?  What kind of concept of the situation would they need in 
order to bring closer their feeling of caring for the environment and their feeling of being a 9 year old, a child? 
This is a question for the ELE!  The dilemma here is not about empowerment but of «natural», healthy, simple 
pleasure as a means to love being in nature and as means to balance the technologically induced pleasures overly 
available to today’s children.  What kind of concept of sedimentation would be needed to still experience nature as a 
child, yet be true to its meaning?  In what form this concept should be introduced so it is also available to perception 
and experience without robbing children from childhood? 
6. Conclusion  
We started our questionning with the task of finding emerging patterns of enviromental learning but we ended up 
with initial indications of underlying dilemmas!  Patterns refer to learning habits that tend to repeat themselves and 
that structure the way learning comes about.  They offer a certain predictability and they may even suggest 
decontextualization of learning. Dilemmas, on the other hand, are not habit bound.  In fact, they are dilemmas 
precisely because they are situated outside the normal learning habits and because these habits, already present in 
learners, can’t quite be sufficient for the task at hand.   
Dilemmas are, therefore, less about the past and more about intensifying the present portrait of a given group of 
learners with an eye towards its maturing, with an eye towards its future.  To the extent that environmental learning 
needs to break new ground and that culturally bound  learning habits from the past need to broken or, at least, 
loosened in order for a new relationship with the natural world to come about, a sustainable relationship that is, 
would it makes sense to better understand the nature and pedagogical function of dilemmas in the context of specific 
enviromental learning situations?  Perhaps understanding dilemmas will assist ELEs in better framing the future in 
their learning models and could therefore, ironically, contribute to the emergence of new learning patterns! 
References 
Baraldi, C. (2003) Planning childhood: Children’s social participation in the town of adults, in: P. Christensen & M. O’Brien (Eds) Children in 
the city: Home, neighbourhood and community (London, Routledge Falmer). 
English, L.D. (1997) The development of fifth-grade children’s problem-posing abilities.  Educational Studies in Mathematics, 34(3), 183-217. 
Carver, J.G. (1998). Aerial analysis of sedimentation in Dog River watershed. Course paper presented at  GEO 480 (Field Work in Geography) at 
the University of South Alabama. Retrieved 01.01.2009 at http://www.southalabama.edu/geography/fearn/480page/98Gerrit/Gerritt.html.  
Gauthier, B., Guilbert, L. & Pelletier, M.L. (1997)  Soft systems methodology and problem framing : Development of an environmental problem 
solving model respecting a new emergent reflexive paradigm,  Canadian Journal of Environmental Education, 2, 163-182. 
Gregg, M. (1997). Problem posing from maps: Utilizing understanding. Journal of Geography, 96 (5), 250-256. 
Hauslein, P.L. & Smith, M.U. (1994) Knowledge structures and successful problem solving, in: D.R. Lavoie (Ed) Toward a cognitive science 
perspective for scientific problem sovling, NARST Monograph No. 6 (Manhattan, Kansas:  National Association for Research in Science 
Teaching). 
Higgins, J.M. (1994) 101 Creative problem solving techniques: The handbook of new ideas for business (Winter Park, FL, The New Management 
Publishing Company). 
Jones, M.D. (1995). The thinker’s toolkit.  Fourteen skills for making smarter decisions in business and in life. Toronto: Random House. 
Michalko, M. (1991) Thinkertoys.  A handbook for business creativity for the 90s   (Berkeley, California, Ten Speed Press). 
Paillé, P. (2007). La méthodologie de recherche dans un contexte de recherche professionnalisante : douze devis méthodologiques exemplaires. 
Recherches qualitatives- Vol.27(2), pp.133-151. 
Paillé, P., Muchielli, A. (2008). L’analyse qualitative en sciences humaines et sociales. Paris : Armand Colin. 
Polya, G. (1988). How to solve it. Princeton, NJ: Princeton University Press. 
Pierre-Yves Barbier et al. / Procedia Social and Behavioral Sciences 2 (2010) 5693–5699 5699
Proulx, L.P. (1999) La résolution de problèmes en enseignement. Cadre référentiel et outils de formation (Paris, De Boeck & Larcier). 
Pruneau, D., Freiman, V., Barbier, P.-Y., Langis, J. (2009). Helping Young Students to Better Pose an Envrionmental Problem. Applied  
Envrionmental Education and Comunication (pp. 105-113). Volume 8, Issue 2 April, 2009.   
Pruneau, D., Freiman, V., Langis, J., Cormier, M., Lirette-Pitre, N., Champoux, A., Baribeau, T., Dacres, A. & Liboiron, L. (2006). Creativity 
strategies that help students pose and solve environmental problems. Proceedings of the 2006 NAAEE Research Symposium. Online: 
naaee.org 
Pruneau, D., Freiman, V., Langis, J., Baribeau, T.,  Liboiron, L. et Champoux, A. (2007). How scientists and students pose an environmental 
problem. In : Z. Guzovic, N. Duie et M. Ban (Eds.), Proceedings of the Dubrovnic Conference on Sustainable Development of Energy, 
Water and Environmental Systems, Dubrovnic, Croatie, juin 2007. CD-ROM, ISBN:978-953-631387-1 
Rickinson, M., Lundholm, C., Hopwood, N. (2009). Environmental Learning: Insights from research into student experience. London: Springer 
Stoyanova, E. (2000). Empowering students’ problem solving via problem posing.  Australian Mathematics Teacher, 25 (10), 33-37. 
